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Abstract—Alongside existing research into the social, political
and economic impacts of the Web, there is also a need to explore
the effects of the Web on our cognitive proﬁle. This is particularly
so as the range of interactive opportunities we have with the Web
expands under the inﬂuence of a range of emerging technologies.
Embodied, extended and distributed approaches to cognition are
relevant to understanding the potential cognitive impact of these
new technologies because of the emphasis they place on extra-
neural and extra-corporeal factors in the shaping of our cognitive
capabilities at both an individual and collective level. The current
paper outlines a number of areas where embodied, extended and
distributed approaches to cognition are useful in understanding
the impact of emerging Web technologies on future forms of both
human and machine intelligence.
I. INTRODUCTION
Over the past couple of years, a debate has emerged con-
cerning the potential impact of the Web on human cognitive
function. For the most part, much of the rhetoric in this
debate has been negative, with key protagonists, such as
Nicholas Carr [1], arguing that the Web is exerting a largely
negative effect on our ability to think, read and remember.
Instead of enhancing our ability to concentrate, Carr argues,
the Web is undermining our capacity for sustained periods
of focused attention, and instead of enhancing our ability to
think deeply about a topic, the Web is undermining our ability
to engage in protracted episodes of what Carr refers to as
‘linear thinking’. The result of these changes is a curtailment
and fragmentation of otherwise temporally-protracted episodes
of cognitive activity, coupled with the adoption of highly
superﬁcial forms of information processing.
At present, there is a limited amount of scientiﬁc evidence
to back up many of the claims made by Carr. However,
some researchers have suggested that the Web is changing
the proﬁle of at least some of our cognitive capabilities. In a
recent study on human memory, for instance, Sparrow et al [2]
reported that when people are accustomed to using the Web,
they are more likely to remember the location of information
(or how to retrieve it) than they are to remember the speciﬁc
details of the information itself. This provides some support for
Carr’s claims. If we are eschewing biologically-based modes
of information storage and recall in favor of Web access and
Google search, then we may witness a deterioration in our
ability to recall information whenever our access to the Web
is compromised.
Other research has revealed that the nature of the hyperlink
topologies used within a hypermedia environment may affect
our ability to recall information. Studies have shown that when
it comes to the recall of factual content, linear texts (i.e., texts
in which there is a linear sequence of nodes and navigation
is restricted to ‘next’ and ‘previous’ links) contribute to better
recall performance compared to other kinds of hypertext (e.g.,
texts in which the links are embedded in the text itself and
navigation is not restricted to a linear sequence of nodes) [3].
Again, such results provide some support for Carr’s claims
about the effects of the Web on our mnenomic capabilities.
If our access to factual material is mediated by Web pages
replete with links to associated content (as is typically the
case in systems such as Wikipedia), we may ﬁnd ourselves
recalling relatively less information than we would have done
if we had relied on conventional printed materials.
Whether or not such ﬁndings are a cause for alarm may
depend on the views we hold with regard to both the Web and
the nature of human cognition. In the case of the Web, it is
important to remember that the Web is something of a protean
beast when it comes to user interaction and information access
capabilities. A range of emerging Web technologies, as well
as changes in the way we use the Web, all contribute to
an ever-changing landscape against which our notions of the
cognitive impact of the Web are always likely to be somewhat
ephemeral. We should, as a consequence, be very wary of
blanket statements to the effect that the Web is undermining
our cognitive capabilities. Our notions of what the Web is and
what it may yet become are constantly changing, and not all
forms of Web access or usage are likely to exert the same kind
of inﬂuence on our cognitive proﬁle.
Our view of human cognition also has an effect on how we
view research investigating the cognitive effects of Web access.
In this respect, approaches that emphasize the embodied,
extended and distributed (EED) nature of human cognition
have become increasingly popular within the cognitive sci-
entiﬁc community [4], [5], [6]. What such approaches havein common is a commitment to the idea that intelligence is
often grounded in our ability to factor in the contributions of
our extra-neural and extra-corporeal environments. Theoretical
and empirical research in embodied cognition thus emphasizes
the way in which material embodiment shapes and constrains
cognition [6], while proponents of extended cognition see our
interaction with aspects of the technological, informational and
socio-cultural environment as key to much of our cognitive
success [5]. One impact of such views when it comes to
understanding the cognitive effects of the Web is to question
the signiﬁcance of research that reveals a change in brain-
based cognitive processing. The focus for embodied and
extended theories is on the details of our interaction with the
external world, and this encourages us to take a systems-level
perspective when it comes to issues of cognitive performance.
On this view, a new technology could have a beneﬁcial effect
on cognitive performance (at both an individual and collective
level) even if it seemed to result in an apparent decline in
brain-based cognitive function.
In this paper, I will brieﬂy review some of the ways in which
emerging Web technologies are of interest to those concerned
with EED approaches to cognition. Due to limitations of
space, this review will be necessarily brief and therefore highly
selective. In Section II, I focus on how the advent of highly
portable, wearable devices, such as Google’s Project Glass,
are poised to transform our traditional notions of Web access.
Such technologies situate the Web at the heart of our everyday
embodied interactions with the world, and they are, as such, of
signiﬁcant interest to those who emphasize active engagement
with the world as part of our cognitive endeavours. Section III
raises the possibility that information on the Web may come to
constitute part of our personal body of knowledge and beliefs
about the world. Inasmuch as this is true, then the epistemic
implications of the Web are truly profound, for they suggest
that the boundaries of our knowledge are limited only by what
the Web makes available to us. Section IV focuses on the use
of the Web to store large quantities of personal information
and data. A speciﬁc point of interest here concerns whether the
maintenance of a life-long digital record of one’s experiences
may alter our opportunity to adaptively regulate our sense
of who and what we are. Section V draws attention to the
Social Web and describes how aspects of socially-distributed
information processing may inﬂuence cognitive performance
at the collective level. Finally, Section VI describes the impact
of the Web on machine intelligence. The main issue here
relates to the role played by human agents in advancing the
current state-of-the-art in machine-based processing.
II. EMBODIMENT, COGNITION AND THE WEB
At ﬁrst sight, it might appear as though the Web is of little
interest to those concerned with EED approaches to cognition.
Our predominant vision of online interaction is one in which
we are sat in front of a desktop computer, accessing the
Web through a conventional browser-based interface (such as
Internet Explorer or Google Chrome). In these cases, we are
encouraged to view our interaction with the Web as a form
of environmentally-decoupled and physically-disembodied in-
teraction. As Canny and Paulos [7] comment: “...cyberspace
has been built on Cartesian ideals of a metaphysical separation
between mind and body: When we enter cyberspace, even a
3D world, it is the ‘mind’ that enters...The body stays outside”
(pg. 276). This notion of the environmentally-decoupled and
physical-disembodied nature of our online interaction contrasts
with the main thrust of theoretical and empirical work in the
embodied and extended cognition literature. This sees active,
real-time engagement with the external world as an important
element of our cognitive proﬁle. We might thus be inclined
to say that the Web is of little or no interest to proponents of
embodied and extended cognition.
One reason to reject this view relates to the changing nature
of human interaction with the Web. With the advent of mobile
and portable computing solutions, our interactions with the
Web are increasingly ones that take place in the context of
our everyday sensorimotor engagements with the world. This
marks an important shift in the way in which we access the
Web, and it is one that enables us to approach the Web as an
important part of our environmentally-situated cognitive activ-
ities. Emerging technologies are continuing this trend towards
a greater interleaving of the Web in our everyday thoughts and
actions. The head-mounted augmented reality display device
envisioned by Google’s Project Glass initiative, for example,
promises to make Web information directly available within
the visual ﬁeld. These sorts of innovations situate the Web at
the heart of our interactions and engagements with the world,
and they make the Web a potent source of interest for those
who approach human cognition from an embodied or extended
cognition perspective.
III. EXTENDED KNOWLEDGE
Devices that increase both the accessibility and perceptual
availability of Web-based information have a number of impli-
cations for how we view the potential cognitive impact of the
Web. One such implication concerns the possibility for Web-
based forms of cognitive extension in which the technological
and informational elements of the Web come to form part
of the supervenience base for (at least some) mental states
and processes. As part of their seminal paper on the extended
mind, Clark and Chalmers [8] outlined a thought experiment in
which a neurologically-impaired individual, Otto, relied on the
use of an external resource - a notebook - in order to achieve
certain tasks. The main point of the thought experiment was to
highlight the similar functional role played by both biological
(i.e., the brain/body) and non-biological (e.g., the notebook)
resources in supporting at least some cases of intentional
action. Inasmuch as the bio-external resources play a role
similar to that served by biological resources, Clark and
Chalmers claim, we should view their contributions to global
behavior as on a functional par. This enables us, at least in
some cases, to see bio-external resources as playing a role in
the realization of human mental states and processes. When
we apply such notions to the Web, we can entertain the
possibility of Web-extended minds, or minds in which thetechnological and informational elements of the Web form part
of the physical machinery of the human cognitive system [9].
The possibility of Web-based forms of cognitive extension
raises important questions about our future cognitive and
epistemic potential. For example, if our access to externally-
located information was just as reliably, easily and continu-
ously available as the kind of access afforded by our own
bio-memories, then there seems to be no principled reason
to suggest that the external information would not count as
part of our own personal body of knowledge and dispositional
beliefs about the world. This seems to make the boundaries of
what we ‘know’ limited only by the kind of access we have to
various sources of environmental information. And if what we
have access to is the sum total of human knowledge, as stored
on the Web, then the epistemic limits of the Web-extended
mind seem to be broadly co-extensive with that of the Web
itself!
In order to help clarify all of this, imagine a situation where
you are equipped with a mobile networked device (a mobile
phone will do) in order to provide wireless access to the Web,
an augmented reality head-mounted display device (similar
to the technological target envisioned by the Google Project
Glass initiative), and a means of controlling information re-
trieval from the Web in a manner that is sensitive to your
ongoing epistemic needs and concerns. Imagine that you use
these technologies to retrieve speciﬁc items of information
from the Web and such items are displayed in your ﬁeld of
view whenever you require them to be available. For the sake
of argument, let us say that you are located in an art gallery
and you wish to retrieve information about artworks that you
have previously encountered. What, we might wonder, would
our scientiﬁc and social intuitions be about your knowledge
of art in such a situation? Would it be appropriate for us to
say that you pretty much ‘know’ everything there is to know
about the pieces of art contained in the art gallery, at least in
terms of the information that is posted on the Web? If this
claim seems profoundly implausible or inappropriate to you,
think for a moment about what it is that determines what you
think you already know. What seems to determine whether we
know or do not know something is not the fact that we are
continuously, consciously aware of relevant facts and ﬁgures.
What seems to count is more the kind of access we have to the
relevant information, the fact that when we need to recall the
information it is there, easily made available to us by our bio-
memory systems. But need our bodies of personal knowledge
be so reliant on biologically-based modes of information
storage? What if our access to externally-located information
was just as reliably, easily and continuously available as the
kind of access afforded by our own bio-memories? In this
case, it seems, there is no principled reason to suggest that
the external information would not count as part of our own
body of knowledge and beliefs about the world. As Clark [10]
argues:
“...it sometimes makes both social and scien-
tiﬁc sense to think of your individual knowledge
as quite simply whatever body of information and
understanding is at your ﬁngertips; whatever body of
information and understanding is right there, cheaply
and easily available, as and when needed.” (pg. 42)
In addition to whether it makes social and scientiﬁc sense
to credit you with particular bodies of knowledge, we can
also ask to what extent the mode of access outlined above
would prompt a shift in your subjective feelings of what you
did and did not know. If you were accustomed to having
reliable, continuous access to particular bodies of information,
would you eventually start to feel as though the externally-
located information was part of the body of knowledge that
you called your own? If someone asked you whether you knew
a particular fact within your domain of interest, would you
feel inclined to answer in the afﬁrmative based on your past
experience of accessing online content?
In evaluating this kind of technological transformation of
our epistemic capabilities, we can discern a number of lines
of research. One line of research is focused on the technologies
that are used to retrieve and present information from the
Web. In all likelihood, such technologies will need to satisfy
the kind of conditions that guide our intuitions as to when
a form a cognitive extension has taken place. These include
conditions associated with the reliability and availability of the
device we use to access information, the accessibility of the
information to be retrieved and the level of trust we place in
the retrieved information [8]. Another factor that is of potential
importance concerns the extent to which the technology we use
to access Web-based information falls ‘transparent in use’1.
In particular, it has been suggested that the phenomenon of
a technology falling transparent in use is closely associated
with the emergence of an environmentally-extended cogni-
tive system. Clark [5] thus suggests that the experience of
‘seeing through a technology’ is a subjective corollary of the
technology becoming incorporated into an integrated agent-
world cognitive system. Thompson and Stapleton [11] go even
further. They argue that “For anything external to the body’s
boundary to count as part of the cognitive system it must
function transparently in the body’s sense-making interactions
with the environment” (pg. 29). We thus encounter what
might be called a ‘transparency criterion’ in the extended
mind debate which serves to guide our sense of when a
form of cognitive extension has taken place. In relation to the
possibility for Web-based forms of cognitive extension, we
can apply the notion of transparent technology to evaluate the
various devices we use to access the Web. We might therefore
suggest that in order for some form of agent-Web coupling
to count as a genuine case of cognitive extension, the devices
used to interact with the user should be transparent in use.
This not only serves as a test for candidate cases of cognitive
extension, it also provides the basis for design and engineering
1The notion of a technology falling ‘transparent in use’ is used to charac-
terize the subjective shift in experience that is associated with the automatic
and ﬂuid use of a device (classic examples include the blind man’s cane or
the carpenter’s hammer). Once a technology falls transparent in use, the user
is no longer aware of all the details of technology use but is rather focused
on the task at hand.efforts that seek to bring Web-extended minds into existence.
The way in which information is represented on the Web is
also relevant to the emergence of Web-based forms of cogni-
tive extension. Of particular relevance here is the transition to
what has been called the Web of Data [12], which sees the Web
as a globally-distributed database in which data linkages are
established by dereferenceable Uniform Resource Identiﬁers
(URIs). As I have discussed elsewhere [9], I believe this
transition to a Web of Data plays an important role in enabling
the Web to function as a component of extended cognitive
systems. One reason for this concerns the accessibility of
speciﬁc items of information - the fact that is possible to
retrieve isolated pieces of information in a wide variety of
different contexts. Another reason relates to the fact that the
information content is much more amenable to machine-based
processes that can ﬁnd, ﬁlter and format data in ways that
are optimally suited to human end-users’ speciﬁc information
needs and concerns. Finally, the move away from conventional
Web pages (encoded using HTML) to linked data formats
(the data format encountered on the Web of Data) opens
up a range of presentational capabilities that can be used
to guide thought and action in particular ways. Thus, when
we think of the potential of new devices, such as Google’s
Project Glass and its successors, we should not necessarily
think of their presentational capabilities as being limited to
the display of conventional (HTML) Web pages. Instead,
we should think of a whole variety of different data-driven
presentational capabilities, some assuming the form of simple
natural language statements and instructions, others relying
on the use of graphical cues and prompts. In addition, the
notion of augmented, mixed or blended reality enables us to
think of Web-based information being used to create virtual
overlays on the physical environment, enriching the range of
affordances to which our sensorimotor systems are attuned. In
general, what is important for Web-based forms of cognitive
extension are ﬂexible modes of data integration, aggregation,
ﬁltering and presentation, in conjunction with an ability to gear
information retrieval operations to suit the task-speciﬁc needs
and requirements of particular problem-solving contexts. The
use of linked data formats within the context of the Web of
Data marks an important step towards the realization of these
kinds of capabilities.
A third area of research interest concerns the factors that
govern our meta-cognitive judgements regarding when we feel
we know something. This is relevant to the case outlined
earlier, where we entertained the possibility that sustained
exposure to a reliable information resource could lead to
subjective shifts in our sense of what we felt we knew
about particular parts of the world. Within the psychological
literature, our sense as to what we feel we know has been
referred to as the ‘feeling of knowing’ (FOK). According
to one psychological model, such feelings are grounded in
the products of the retrieval process itself [13]. Thus, when
we attempt to retrieve some item of information from bio-
memory, our FOK is based on the amount of information that
gets retrieved. This need not be the actual target item itself; it
could be a range of fragmentary material, such as “semantic
attributes, episodic information, and a variety of subtle acti-
vations emanating from other sources” (pg. 159) [13]. A key
question for future research is thus the extent to which similar
processes, incorporating bio-external information resources,
could support feelings similar to those encountered in the
case of bio-memory. If our retrieval attempts against the Web
were rewarded with the immediate presentation of target items,
or related material, would we experience the same FOK as
encountered when relying on brain-based forms of information
recall? Such questions obviously impact on technology design;
for, inasmuch as the FOK is possible with forms of extended
memory, then the question for engineers is whether Web-
enabled technologies can (ever?) meet the requirements (in
terms of retrieval speed, presentational format, and retrieval
initiation mechanisms) that cause subjective feelings of know-
ing to arise.
IV. MEMORIES FOR LIFE
In Section III we saw that questions concerning the impact
of the Web on our epistemic capabilities typically focused on
issues of semantic memory - the component of our memory
that deals with the storage and recall of particular facts and
conceptual knowledge. Other uses of the Web, brought about
by emerging technologies, may be poised to inﬂuence other
aspects of our memory as well. Of particular interest in this
respect is the use of the Web to store large quantities of
personal data tracking our life experiences, projects, goals,
interests, social acquaintances, health status, and so on. Such
data (in the form of photos, videos, and online textual postings)
is already being stored as a result of our participation in
social media and social networking sites, and the use of cloud
computing resources and lifelogging technologies is likely to
lead towards an even greater tendency to maintain traces of
our past in the online world.
The cognitive impact of this mode of Web use, characterized
by the online storage of large quantities of personal data,
is still largely unknown. One issue for research in this area
relates to the potential impact of Web-based storage on our
autobiographical memories2. It is known that technologies
that record a trace of our daily activities and events can
enhance our memory of the past. The use of wearable cameras,
such as SenseCam, has been a particular focus of research
attention in this area, with studies showing that SenseCam
images can work to support the retrieval of autobiographical
memories in clinical populations [15], [16]. There are also
efforts underway to explore the potential of lifelogging tech-
nologies and semantic modes of information representation to
support the compilation of autobiographical knowledge bases
and enhance autobiographical memory [17]. The Memories for
Life initiative (http://www.memoriesforlife.org/), for example,
is a multidisciplinary research effort that aims to advance
our understanding of memory and develop technologies that
2Autobiographical memory refers to the memories we have of speciﬁc
events across the lifespan, and it includes the body of personal knowledge
(autobiographical knowledge) that is associated with our life experiences [14].enhance our mnenomic capabilities. The results of such studies
and research efforts are important because they shed light on
the way in which online records of our daily activities and
life events are able to enhance our autobiographical memories.
Based on the value of at least some forms of lifelogging data
to serve as a retrieval cue, we can expect the move towards
the online storage of personal data to improve our ability to
accurately recall events and episodes from our past life.
All this leads to the conclusion that the Web may play a
largely positive role in supporting aspects of human mem-
ory. In the case of semantic memory (see Section III) we
encountered the possibility that speciﬁc forms of interaction
with the Web could enhance our ability to recall facts and
information relating to particular domains of interest, and in
the case of autobiographical memory we have seen how our
ability to use the Web to store details of our daily activities
could enhance our ability to recall past life events. In spite
of this, however, when we think of memory enhancement and
performance, we should be mindful about the various functions
that different forms of memory play in our lives. The ability
to accurately and consistently recall previously encountered
information is clearly important to some forms of memory
(e.g., semantic memory); however, it is not clear that accuracy
and indelibility are always a target for memory enhancement.
Autobiographical memories, for example, are believed to play
a important role in determining our sense of who and what we
are (i.e., our personal identity) [18], As a result, an improved
ability to recall autobiographical memories may affect the ex-
tent to which we can change our identities across the lifespan.
As Conway [19] points out, our autobiographical memories
contribute to our knowledge about who we are, and this in
turn “constrains what the self is, has been and can be” (pg.
594). All this calls into question the value of maintaining an
accurate, indelible trace of all aspects of our past experience;
for a certain degree of malleability and effaceability in our
autobiographical memories may be essential to our capacity
to view ourselves and lives in a positive way - in particular,
in a way that promotes psychological well-being. It has thus
been suggested that one of the functions of autobiographical
memory is to maintain a largely favorable view of the self
[20], [18], and mnenomic distortion may work to support
this function. Wilson and Ross [18] argue that people are
motivated to push negative events further back in order to
maintain a favorable view of themselves in the present. They
show how people can distance themselves from negative events
by pushing them into the distant past, so as to make them no
longer relevant to the current self’s well-being. In addition,
positive events can be pulled forward in time so that the
current self can continue to take credit for past successes. The
function of these distortions, according to Wilson and Ross
[18], is to enable people to create and maintain a coherent
- and largely positive - view of their present selves and
associated circumstances. There are, of course, times when
accuracy in recall is important. The recall of speciﬁc facts
from semantic memory seems to be a case in point. However,
we should perhaps be cautious of efforts that strive to provide
blanket improvements in mnemonic accuracy across all types
of memory. If accuracy is not at the functional heart of a
particular kind of memory (e.g., autobiographical memory),
then it is difﬁcult to see how technological interventions that
focus on accurate recall can really contribute to an improve-
ment or enhancement of that particular aspect of mnemonic
functioning. In general, a technology improves a cognitive
capability if it delivers a proﬁle of enhanced performance in
the same areas as that targeted by the original capability. If the
technology works to improve performance in some other area,
then the technology is not so much improving the existing
capability as installing a new kind of capability, with all the
attendant risks that that entails. If the primary function of our
autobiographical memory system is to support self and social
functions (e.g., maintaining a positive view of the self, bolster-
ing self-esteem, creating a coherent life story, and providing
material to stimulate conversation), then it is unclear whether
Web technologies that improve the accuracy of recall can
actually serve to enhance autobiographical memory. Inasmuch
as such technologies work in opposition to existing processes,
they may in fact do more harm than good. Rather than focus
on accurate recall, a much better focus of attention for such
technologies might be to concentrate on how to support the
human individual in constructing renditions of the past that
enable them to function better in both the psychological and
social domains. In some cases at least, this might mean that
the best thing memory technologies could do would be to help
us modify our recollections of the past...or even dispense with
them altogether.
V. COLLECTIVE COGNITION AND THE SOCIAL WEB
Thus far, the discussion has centred on how the cognitive
proﬁle of individual human agents might be affected by current
or future forms of the Web. There is, however, another aspect
to this discussion that we haven’t touched on as yet. This is
the role played by the Web in supporting social interaction
and coordinating collective efforts. Ever since the advent of
Web 2.0, which is characterized by greater levels of user
participation in the creation, maintenance and editing of online
content, the Web has provided ample opportunities to support
various forms of socially-distributed information processing.
In addition, the recent surge in social media sites (e.g.,
YouTube), social networking systems (e.g., Facebook) and
microblogging services (e.g., Twitter) has opened up new ways
for people to interact, communicate and share information
content. We are increasingly seeing the emergence of what we
might call the ‘Social Web’: a suite of applications, services,
technologies, formats, protocols and other resources, all united
in their attempt to both foster and support social interaction.
Perhaps unsurprisingly, the Social Web is of considerable
interest to those who adopt EED approaches to cognition.
This is because human cognition is often seen as a socio-
culturally situated activity, and great emphasis is placed on
the role of social forces and factors in shaping our cog-
nitive capabilities. One point of interest here concerns the
way in which some cognitive processes, such as reasoning,remembering and problem-solving, might be seen as socially
distributed [21], [4]. Within the context of the Web and
Internet Science community, the advent of the Social Web has
given rise to an increasing interest in the socially-distributed
nature of human cognition [22], [23], [24], [25], and this
interest has been accentuated with the recent explosion in
social computing [26], human computation [27] and collective
intelligence [28] systems. Such technologies focus attention
on the ways in which the Web may be used to exploit the
latent ‘socio-cognitive capital’ possessed by large numbers of
geographically dispersed individuals.
Because of the kinds of opportunities it affords for large-
scale collaboration, information sharing, and the coordination
of collective efforts, the Web emerges as a seemingly natural
platform to realize advanced forms of collective intelligence.
However, in spite of the apparent potential of the Web to
support socially-distributed cognition, it is important to un-
derstand that not all forms of Web-based social interaction
and information exchange necessarily lead to improvements in
collective cognitive processing. It is known, for example, that
the rate at which information and ideas are distributed through
a social network can have a profound effect on group-level
cognitive outcomes, and this highlights a source of tension
in our attempts to engineer systems that support socially-
distributed cognition in Web-based contexts. On the one hand,
we are usually inclined to countenance high-bandwidth com-
munication systems that feature high levels of connectivity and
which maximize the efﬁcient and widespread dissemination of
information to all members of a community. On the other hand,
we encounter a range of ﬁndings in the social psychological
and multi-agent simulation literature that suggest that such
systems may not always deliver the best outcomes in terms of
collective cognitive performance. In some situations, at least,
the rapid communication of information and ideas does not
always serve the collective cognitive good: precipitant forms of
information sharing can sometimes subvert rather than support
socially-distributed cognition [21], [29], [30].
What all this means, of course, in terms of our attempt
to support socially-distributed cognition on the Web, is that
we need to develop a better understanding of the effect that
different forms of information ﬂow and inﬂuence have on
collective cognitive outcomes. One factor that has emerged as
an important focus of research attention, in this respect, is the
structure of the communication network in which individuals
are embedded. Research has shown that the structure of
the communication network shapes the ﬂow of information
between individuals, and this can lead to different effects
on group-level performance [25]. Another factor that has
proved of considerable research interest concerns the amount
of feedback that is given to individuals about the progress or
status of collective cognitive processing. Lorenz et al [31], for
example, have shown that by providing feedback about the
judgements of others, performance in a collective estimation
task is undermined. Subjects provided with high levels of
feedback settled on estimates that were, at the collective level,
worse than those seen in situations in which subjects received
no feedback at all. In accounting for these results, Lorenz et
al [31] posit a ‘social inﬂuence effect’ in which the feedback
about other user’s ratings is deemed to progressively reduce the
diversity of ratings within the group without a corresponding
improvement in group-level accuracy. These results suggest
that although the Web provides an environment in which a
variety of kinds of information can be gathered during the
course of socially-distributed information processing, not all
of this information should be made available to the individual
agents engaged in the process. Instead, the results call for a
more nuanced approach in which the system works to adap-
tively regulate the availability of different kinds of information
in ways that are sensitive to the nature of the task that is
being performed, as well as the psychological propensities
of the participating agents. In essence, what is required is a
way of dynamically organizing the setup of Web-based socio-
technical systems in order to meliorate group-level cognitive
processes in a variety of different task contexts.
VI. HUMAN-ASSISTED MACHINE INTELLIGENCE
When we think of the cognitive implications of the Web
in an individual or collective context, our attention typically
tends to focus on the ways in which Web technologies can
enhance or augment the cognitive performance of individual
human agents, or collections thereof. In this case, we see
the Web from the perspective of human agents who are
interested in pressing maximal cognitive beneﬁt from whatever
representational and computational resources the Web has to
offer, and we ask questions concerning how the Web can
help us in achieving certain cognitive outcomes. There is,
however, another perspective we can take with respect to
human participation on the Web. This perspective focuses on
human agents as the locus of particular kinds of capabilities
that subtend the epistemic, cognitive, perceptual, behavioral,
social, moral, emotional and affective domains, and it invites
us to ask questions concerning how these capabilities can be
used to support various forms of machine-based processing.
In order to help us see things from this alternative perspec-
tive, consider the use of CAPTCHAs on the Web. CAPTCHAs
are questions that are posed by a computer in order to check
that the user of a system is a human agent rather than a
machine entity. They are typically encountered on the Web in
the form of distorted word images that are used to prevent
automated access to some resource or service. The human
end-user, when confronted with the CAPTCHA, must identify
the distorted word and respond by entering the correct form
of the word in a text ﬁeld. This is something that human
agents ﬁnd relatively easy to do because of their capacity
for pattern recognition/completion and their familiarity with
lexical representations. It is, however, something that con-
ventional computers still ﬁnd difﬁcult to accomplish. Given
the aim of distinguishing human from non-human users, of
course, CAPTCHAs tend to focus on the range of capabilities
that distinguish human from machine intelligence (or at least
the current state-of-the-art in machine intelligence). Aside
from the obvious ability of humans to identify distorted wordforms, CAPTCHAs could also thus target humans’ abilities
for aesthetic evaluations, moral judgements, the processing
of linguaform representations and the identiﬁcation of objects
from multimedia resources. All of these capabilities are ones
that we are able to realize by virtue of our particular form of
biologically-based and socially-situated intelligence, and they
are ones that often rely on the fact that we are embodied agents
that are capable of sensing and acting in the real world. These
capabilities are obviously ones that are of interest to those
working in the area of artiﬁcial intelligence; however, they
are ones that machines have, at least thus far, failed to fully
emulate.
Enter reCAPTCHA [32]. reCAPTCHA is a system that cap-
italizes on the responses humans make to CAPTCHAs in order
to support various forms of machine-based processing. One
use of human responses to the aforementioned distorted word
images, for example, is to support the automatic digitization of
archived texts that are too degraded or corrupted to be properly
handled by optical character recognition (OCR) technology.
What we see here is a situation in which the information
processing capabilities of the Web’s human user community
is being exploited in order to help realize a task assigned to a
computerized system. This is more-or-less the reverse of the
situation we encountered earlier in the paper where the empha-
sis was on the exploitation of computerized resources in order
to help human agents achieve particular tasks (e.g., factual
recall). By taking an EED approach to cognition, therefore,
we are able to see the socio-technical environment of the Web
as a network of biological, technological and informational
resources, each of which is capable of being assimilated into
bio-technologically hybrid information processing routines.
When our concern is with human intelligence, our attention
focuses on the representational and computational resources
of the Web, and we ask how these resources can be used to
extend the reach of our cognitive capabilities. However, when
our concern is with machine intelligence, our attention shifts
to the social environment in which the Web is embedded and
we ask how the capabilities of human agents can be used
to advance the state-of-the-art in machine-based processing.
In both cases, what matters is the way in which a rather
diverse (albeit complementary) range of representational and
computational resources are being co-opted into information
processing routines that yield intelligent outcomes. One virtue
of the Web, in this respect, is that it enables us to tap into the
capabilities of human agents in a manner (and on a scale) that
has never been seen before. The unique feature of the Web
is the fact that it is a social technology that interfaces with
a large proportion of humanity. By ﬁrmly embedding itself
within a human social environment, the Web opens up a range
of opportunities to incorporate3 human agents into episodes of
machine-based processing. We can therefore approach the Web
in the same way that EED cognition theorists often approach
3The notion of incorporation here is analogous to that proposed by extended
mind theorists who often see cognitive extension as involving the active
assimilation of bio-external resources into a larger bio-technologically hybrid
information processing economy [5].
the human agent: as a system that is capable of factoring
in the contributions of a wider set of resources in order to
achieve forms of intelligent processing that would otherwise
be difﬁcult or impossible to realize.
VII. CONCLUSION
Alongside existing research into the social, political and
economic impacts of the Web, there is also a need to
explore the effects of the Web on our cognitive proﬁle.
EED approaches to cognition are important here because of
the emphasis they place on extra-neural and extra-corporeal
factors in shaping the course of our cognitive endeavours.
As the range of our interactive opportunities with the Web
expands under the inﬂuence of emerging technologies, such
as wearable devices, mixed/blended reality solutions and the
‘Web of Things’, so approaches that emphasize the details of
material embodiment and physical embedding to our cognitive
performance are likely to become of ever greater signiﬁcance.
One of the advantages of EED approaches to cognition
is that they open up new lines of enquiry concerning the
effect of the Web on our cognitive capabilities. In the case
of memory, for example, we saw that issues of cognitive
extension motivate a consideration as to whether the Web can
serve as a form of extended memory. It was suggested that
under certain conditions, the Web might be able to serve as
an external repository of knowledge and beliefs, and, inasmuch
as this is true, we might expect the Web to lead to a signiﬁcant
improvement in our ability to recall factual information.
While performance enhancement in the case of semantic
memory clearly relies on our ability to accurately recall large
bodies of factual information, we saw that enhancement in the
case of autobiographical memory may be linked to a rather
different set of performance metrics. Enhanced performance,
in this case, may not be so much about the ability to recall
information as the ability to manage one’s access to the past
in a way that supports one’s current and future well-being.
Perhaps this sounds a cautionary note for all attempts to
enhance cognitive performance. In all cases, our attempts at
performance enhancement should consider the way in which
cognitive processes relate to aspects of our physical, social
and psychological well-being.
In addition to its effects on aspects of individual cognitive
functioning, the Web also plays a role in supporting aspects
of socially-distributed cognition. There is a signiﬁcant body of
work to be undertaken in terms of improving our understand-
ing of the factors that inﬂuence cognitive success in these
situations. We have seen that the structure of social networks
can play a role in determining performance outcomes, and
these effects may be speciﬁc to particular tasks [25]. We have
also seen that feedback regarding the views and judgements
of others can sometimes work to undermine collective intel-
ligence capabilities [31]. Such results serve to remind us that
not all the features of the Web (e.g., its capacity for rapid
information dissemination) may work to enhance cognitive
performance at the collective level. Further research is requiredto understand how the Web can be exploited to the collective
cognitive beneﬁt of those who use it.
Finally, EED approaches to cognition help us to adopt
a different perspective when it comes to the Web’s role
in supporting intelligent processing. The notion of cognitive
extension encourages us to see biotechnological hybridization
as a key feature of human intelligence [10], and, in this respect,
the increasing penetration of the Web into every aspect of our
lives opens up a range of opportunities for the formation of
cognitively-potent biotechnological mergers. However, we can
also see the Web as a means of incorporating human agents in
machine-based information processing, yielding new forms of
capabilities that advance the current state-of-the-art in machine
intelligence. Just as human cognitive performance is seldom
one that relies solely on the representational and computational
resources of the biological brain, so too advanced forms of
machine intelligence may be ones that beneﬁt from a degree of
biotechnological hybridization. In this respect, the increasing
penetration of the Web into every aspect of our lives makes
it perfectly poised to participate in the realization of socially-
extended forms of machine intelligence: ones in which the
computational and representational resources of society at
large are used to extend the current reach of machine-based
capabilities.
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